This paper presents a practical example of a landslide monitoring through the use of a UAV -tracking and monitoring the movements of the Potoska Planina landslide located above the village of Koroska Bela in the western Karavanke Mountains in northwestern Slovenia. Past geological research in this area indicated slope landmass movement of more than 10 cm per year. However, much larger movements have been detected since -significant enough to be observed photogrammetrically with the help of a UAV. With the intention to assess the dynamics of the landslide we have established a system of periodic observations carried out twice per year -in mid-spring and mid-autumn. This paper offers an activity summary along with the presentation of data acquisition, data processing and results.
INTRODUCTION
The current activity of Potoska Planina landslide is presumed to be a slow motion slip that may eventually change into a debris flow. The area of the landslide is approximately 2000 square meters and is located at the altitude of 1200 meters. Relative altitude of the landslide is approximately 600 meters above the village of Koroska Bela, which makes the landslide quite remote and hardly accessible.
Five consecutive measurements have been performed so far. In this paper we focus on describing the results and the landslide dynamics assessment of the first measurement as methodology has not changed.
Determination of landslide dynamics is of great interest to geologists studying landslide activity. With this in mind we have introduced a system of periodic observations involving two independent survey techniques: a UAV photogrammetry based on standard photogrammetric approach enhanced with automatic change detection and a classic tachymetry. Due to its easy, cheap and fast deployment a UAV photogrammetry offers the ability to systematically monitor landslide movement over time with tachymetric geodetic measurements providing an accurate control of photogrammetrically assessed displacements.
In the area around the landslide we stabilized a geodetic network of stationary points used to determine the positions of photogrammetric ground control points during each measurement. A hexacopter UAV was used to record overlapping aerial images of the landslide area. A network of tachymetric control points moving with the landslide was stabilized and measured each time as well. This offered an independent control of photogrammetric observations of landslide activity.
HARDWARE USED FOR DATA ACQUISITION
A hexacopter UAV -an in-house designed Survey Drone was used to record overlapping aerial images of the landslide area. It carried an Olympus E-P2 camera with an 18 mm 12 Megapixel sensor and a fixed length camera lens with a focal distance of 17 mm. Georeferencing was done through the use of ground control points. They were signalized by black circular targets on a white background. A tachymetric total station was used to determine positions of ground control points and to perform tachymetric control measurements of landslide dynamics. Some of tachymetric control points were stabilized as tachymetric reflector mounts drilled into larger boulders on the landslide, others as reflector mounts mounted onto steel rods and stabilized into the landslide mass. 
Photogrammetric data acquisition
A UAV was used to record overlapping aerial images of the landslide area during each of the periodic measurements.
Images were recorded from an elevation of 40 meters above ground level with a horizontal overlap of 75% and a vertical overlap of 66%. Camera was set to a low ISO value, typically ISO 100, and a high shutter speed (1/1250). Ground control points used for photogrammetric data georeferencing were signalized by recognizing black circular targets on a white background. Wooden stakes with targets attached to them are hammered into the landslide in order to completely stabilize the control points. 
Tachymetric data acquisition
A geodetic network of stationary points was set up in the area around the landslide. It was used to determine the positions of photogrammetric and tachymetric control points when performing periodic measurements.
For each periodic measurement 9 photogrammetric ground control points and 6 tachymetric control points were used. Positions of all the control points were then determined following a standard tachymetric land surveying technique. Accuracy assessment of generated data is performed based on ground control point errors and through comparison between independent tachymetric control measurements and photogrammetrically generated data.
DATA PROCESSING

Standard photogrammetric workflow
Displacement vectors
In order to assess the landslide dynamics subsequent photogrammetric measurements need to be compared. Our proposed method is based on automatic Sift descriptor matching of subsequent photogrammetric measurements. We take advantage of the sparse point cloud calculated in incremental bundle adjustment. 3D points belonging to the sparse point cloud have multiple Sift descriptors -the exact number depending on the number of cameras the point is visible in. In order to calculate 3D displacements between first and second photogrammetric measurement the following procedure is used: take first and second photogrammetric measurement sparse point clouds and perform point by point matching. Then take the first point of the first point cloud -query point -and continue by selecting from the second point cloud only those points whose distance to the first query point is less than a certain threshold (2 meters in this case). These points are called train points. Perform descriptor matching between the query point and train points. For each pair (query point and train point) the shortest distance between the Sift descriptor of the query point and Sift descriptors of train points is calculated. The 
Accuracy analysis
Standard photogrammetric workflow for periodic landslide measurements of Potoska Planina landslide yields ground control point RMSEs (root mean square error) of 2 cm. This value is obtained during bundle adjustment following sparse Levenberg-Marquardt algorithm for each of the periodic measurements. Ground pixel size of an aerial image is roughly 1 cm. 9 photogrammetric control points are placed across the landslide with an area of approximately 2000 square meters.
In order to assess the displacement vector accuracy the safest and most elegant approach is to compare two independent measurements. Comparing classically determined displacement vectors measured at tachymetric control points to photogrammetrically determined displacements requires an interpolation of the photogrammetric displacement vectors for the classic tachymetric control points positions. Results of the comparison are presented in tables 1, 2 and 3.
Point no. Displacement vector comparison shows that smaller displacement vectors can be observed more accurately than larger ones. In addition, X and Y horizontal components of displacement vectors tend to be more reliable than vertical Z component. Most importantly it shows that even low-magnitude displacement vectors (roughly 10 cm) can be successfully observed through photogrammetry.
ANALYSIS
Economic aspects of a UAV landslide activity survey are seriously favourable. To perform, a day of work is required for a team of two people. In our case it took 3 hours travelling and transporting equipment to and from the site, 1.5 hours to signalise and measure ground control point positions and an additional 0.5 hour to measure tachymetric control point positions. A UAV flight with an aerial image recording is the fastest of operations, taking only about 20 minutes. Additional 20 minutes, however, are required to plan the UAV flight mission. Slightly more than 5 hours of terrain work were needed all together, with 2 days of office work in order to process and calculate all the data and to write detailed technical reports.
During periodic measurements we also encountered some problems. Most notable were the unfavourable weather conditions -strong wind gusts -that forced us to interrupt the survey and land the UAV, return home and perform the survey another day. In one of our later measurements, sliding land mass had destroyed some of tachymetric control points which then had to be re-signalised.
CONCLUSIONS
All in all photogrammetric measurements of displacements on Potoska Planina were a success. Compared with classic tachymetric measurements one of the biggest advantages of photogrammetric measurements was the completeness of the data. Displacement vectors were calculated for the landslide as a whole not just for random points of interest. All that has enabled geologists to accurately analyse the influence of meteorological events, such as quantity of rainfall, on landslide dynamics. Process of a UAV based landslide monitoring was already repeated on Slano Blato landslide, the largest in Slovenia. Future monitoring of other landslides is also planned.
